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THE STORM SURGE INDUCED BY TYPHOON 9426

By Hiroshi YosHiokA, Takao Y AMASHITA, Shigehisa NAKAMURA,

Shigeatsu Serizawa and Yoshito TsucHiYA

Synopsis

Using the Storm Surge Observation Tower (DPRI, Kyoto Univ.) built at the mouth of
Tanabe Bay facing Kii Channel, we observed the sequential data of wind, wave, sea level
and water temperatures during the storm condition of typhoon 9426 which had almost
same course as Isewan typhoon (1959) and made the biggest storm surge in Ise Bay (A
maximum sea level rise of 150 cm). The wind data observed at the tower was available to
give reliable parameters for numerical model of storm surge. We also analyzed tidal
records from Kyushu to Chubu district observed by Japan Meteorological Agency and local
governments.

1t was made clear that forerunners over 20 cm in height were detected at all tidal
observation points, which started 2 days before the typhoon landing. Numerical simula-
tions of sea level changes gave a good agreement with observation which was subtracted
the forerunner.
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Fig. 1. Schematic Diagram of Storm Surge Observation Tower. Numbers indicate instru-

ments listed in Table 1
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Fig. 2. Location of Storm Surge Observation Tower (A), Shirahama Oceanographic
Tower (@) and Shirahama Oceanographic Observatory (). Numbers indicate
facilities listed in Table 1

Table 1. List of observation facilities and instruments

No. at Figure 1, 2 Height
Storm Surge Observation Tower
1  Wind Velocity (3 Component Ultra Sonic Anemometer) 20m *1
2 Wind Speed+Wind Direction (Aero-vane type) 20m
3 Air Temperature 15m
4 Dew Point 15m
5 Wind Speed (3 Cup Anemometer) 15m
8 ” ( " ) 10m
7 ” ( ’” ) 6m
8 Wave Height (Ultra Sonic Wave Gage : Air Born Type) 6m
9 ” ( ” : 4 ) 6m *2
10 ” (Pressure Wave Gage) —5m
11 ” (Ultra Sonic Wave Gage : Sea Born Type) —10m *2
12 Tide (Pressure Type) —10m
13 Water Temperature ~—2.5m
14 ” —5m
15 ” - 10m
16 Current+Wave Height (Electro-Magnetic Current Meter + Pressure) —10m *3
17 Current Profile (ADCP) -32m '3
Shirahama Oceanographic Tower
18 Wind Direction 12m
19 Wind Speed 12m
20  Air Temperature 6m
21  Water Temperature —3m
22 Wave Height (Pressure Type) —3m *3
23 Tide ¢ ” ) —3m *3
Tanabe Bay Coast
24 Tide at Minabe (Pressure Type)
25 Tide at Egawa ( ” )
26 Tide at Shinjo ( ” )
27 Tide at Shirahama (Float type ) *4

28  Air Pressure at Shirahama Oceanographic Observatory

*1 provided by SHIONOMISAKI WIND EFFECT LABORATORY, DPRI

* 2 provided by KAIJO CORPORATION

* 3 failed to get record

*4 managed by JAPAN METEOROLOGICAL AGENCY as SHIRAHAMA TIDAL STATION
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Table 2. List of Tidal Stations

085

No. STATION PERIOD INTERVAL REFERENCE

1 ISHIGAKIJIMA 9/26 0: 0~10/323: 0 60 KB

2 NAHA 9/26 0: 0~10/323: 0 60 SKEFF

3 MAKURAZAKI 9/26 0: 0~10/ 323: 0 60 ST

4 ABURATSU 9/26 0: 0~10/ 323: 0 60 KEF

5 TOSASHIMIZU 9/26 0: 0~10/323: 0 60 BT

6 KOCHI 9/26 0: 0~10/323: 0 60 KZT

7 MUROTOMISAKI 9/26 0: 0~10/ 323: 0 60 KT

8 KOMATSUJIMA 9/26 0: 0~10/ 323: 0 60 &&F

9 SUMOTO 9/26 0: 0~10/ 323: 0 60 KEFF

10 KOBE 9/26 0: 0~10/ 323: 0 60 KT

11 OSAKA 9/26 0: 0~10/ 323: 0 60 KT

12 TANNOWA 9/26 0: 0~10/ 323: 0 60 S®T

13 WAKAYAMA 9/26 0: 0~10/ 323: 0 60 KET

14 SHIRAHAMA 9/26 0: 0~10/ 323: 0 60 [T

15 SHIONOMISAKI 9/26 0: 0~10/ 323: 0 60 &R

16 URAGAMI 9/26 0: 0~10/323: 0 60 BET

17 OWASE 9/26 0: 0~10/323: 0 60 KR

18 TOBA 9/26 0: 0~10/323: 0 60 REF

19 NAGOYA 9/26 0: 0~10/ 323: 0 60 K87

20 OMAEZAKI 9/26 0: 0~10/ 323: 0 60 HET

21 OOSHIMA 9/26 0: 0~10/ 323: 0 60 SHIT

22 CHOUSHI 9/26 0: 0~10/323: 0 60 KEIF

23 TITIJIMA 9/26 0: 0~10/ 323: 0 60 KEF

24 SAGA 9/26 0: 0~10/2 8: 0 60 EaEcR-HAERR
25 SIMODA 9/26 15: 0~10/ 223: 0 60 SN KB
26 SUKUMO 9/26 0: 0~10/ 223: 0 60 BHEFETAHEBH
27 SUZAKI 9/26 0: 0~10/310: 0 60  EMBAN T AREEH
28 KOUCHI 9/03 0: 0~10/ 311: 0 60  EEIEESEER

29 HIWASA 9/21 0: 0~10/ 615:30 30 EBEEETRKEBR
30 TATIBANA 9/26 0: 0~10/ 2 0:15 5 (EBEREETAELEH
31 AKASHI 9/26 0: 0~10/3 8: 0 60  EEEmHILAREEH
32 AMAGASAKI 9/2515: 0~10/3 8: 0 60 REEREHREEEER
33 FUTAMI 9/26 0: 0~10/310: 0 60  EEEMENLAEER
34 NISINOMIYA 9/26 0: 0~10/3 9: 0 60 EEEAEHASEEER
35 TAKASAGO 9/26 0: 0~10/ 311: 0 60  EEEHHNAREER
36 NUSIMA 9/21 0: 0~10/523: 0 60 SKEPLSHEIR

37 HANNAN 9/26 0: 0~10/ 223:30 30 KRNERELEEER
38 SAKAIKOU 9/26 0: 0~10/ 323: 0 60  KIRWNHEEE

39 OSAKAKAIJOU 9/21 0: 0~10/423: 0 60  ARRFEARHERRERHR
40 MATUSAKA 9/26 0: 0~10/ 3 9:00 60 ZEEBEMR T AEHH
41 YOKKAITI 9/29 0: 0~10/ 111: 0 60 PHATHASEMS

42 ISSIKI 9/27 0: 0~10/ 3 1:50 10 BRIEMELAEER
43 MIKAWA 9/26 0: 0~10/2 5: 0 60 BRI

44 MOROSAKI 9/26 0: 0~10/ 223: 0 60  EEELEH L AREBHH
45 ONISAKI 9/25 0: 0~10/ 123: 0 60  EMENHALKEWH
46 TENPAKU 9/26 0: 0~10/3 0: 0 60 EHBELHETAEHH
47 Storm Surge Observation Tower 1 B A R EHIET
48 MINABE 9/27 14: 31~10/11 15: 20 1 BREIgERr iR R BT
49 EGAWA 8/26 14 : 09~ 9/30 11 : 50 1 BSHERaRERERR
50 SHINJO 8/29 13: 18~ 9/30 11 : 51 1 BT A BEE R
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Fig. 3. Tracks of Typhoon 9426 and location of tidal stations (@) and wave observation
stations (A)
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Fig. 7. Records of sea level around Tanabe Bay during the storm of Typhoon 9426.
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Table 3. List of Anomaly, Maximum Wind speed and Significant Wave Height caused by
Typhoon 9426

STATION ANOMALY WIND SP., DIR. WAVE HEIGHT
(Maximum Wind) (Significant Wave)

OMAEZAKI 24cm (9/2921h) 16.6 m/s S (9/30 1h30m) 3.86m 1l.4sec (9/30 0h)
MAISAKA 100cm (9/30 2h) 12.4 m/s SE (9/2922h20m)
NAGOYA 152cm (9/30 0h) 194m/s SSE (9/30 0Oh10m)
TOBA 70cm (9/30 0h) 22.7m/s S (9/2921h50m)
OWASE 83cm (9/2921h) 214m/s E (9/2919h40m)
URAGAMI 85cm (9/2919h)
SHIONOMISAKI 80cm (9/2920h) 251m/sSE  (9/2918h40m) 9.07m 13.7sec (9/29 20 h)
---- Typhoon Landing ----------=--=-====--=-mmmmm oo oo oo oo eemmoosesoooooo oo
SHIRAHAMA 65cm (9/2920h) 20.8m/s W (9/2921h) 5.00m 15.0sec (9/2917h)
GOBO-OKI 7.90m 125sec (9/29 15h)
OSAKA 62cm (9/2923h) 155m/s WSW (9/30 1h20m)
TANNOWA 50cm (9/2923h) 155m/s WSW (9/30 1h20m)
KOMATSUJIMA 40cm (9/2918h) 11.9m/s WNW (9/29 21 h40 m) 250m 7.0sec (9/2918h)
MUROTO 48cm (9/2914h) 36.9m/s ENE (9/2914h50m) 6.61m 11.8sec (9/29 13h)
KOCHI 47cm (9/2917h) 6.7m/s N (9/2916h00m) 5.39m 12.5sec (9/29 15h)
TOSASHIMIZU 42cm (9/2913h) 13.7m/s NNE (9/29 7h30m) 5.96m 13.7sec (9/29 14h)
ABURATSU 44cm (9/2911h) 19.0 m/s NE (9/2916h50m)
MAKURAZAKI 34cm (9/2910h) 15.0m/s NNW (9/29 03 h00m)
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Fig. 9. Distributions of significant
wave heights during the
storm of Typhoon 9426
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Fig. 12. Anomaly adjusted with atmospheric pressure at the coast from Kyushu to
Chubu Districts. Shadow area indicates higher than 10 cm.
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